Introduction
This exercise was intended to address laboratory capability for the determination of trace elements in drinking water. SIM.QM.S2 and the corresponding pilot SIM.QM.P22 are follow-up studies to two SIM intercomparison exercises SIM 8. The target analytes were chosen to be Ni, Cd, Pb and Ca. Target concentrations were selected to be at or near the World Health Organization Guidelines for Drinking-water Quality 1 . Calcium was included in this study to permit laboratories to participate that may not have suitable instrumentation to determine the other analytes at the low target concentrations. Although there is no WHO health-based guideline value for Ca, it may affect drinking water acceptability in terms of taste, hardness and scale deposition. 
Sample Preparation
The initial plan entailed use of an untreated river water sample as a source of drinking water. However, it was subsequently decided to use high purity laboratory water as the matrix permitting accurately determined gravimetric spikes to be used as the reference values.
A precleaned 20 L polyethylene carboy was partially filled with high purity water. This water was treated by reverse osmosis followed by a final ion exchange treatment using a Milli-Q ® Element Water Purification System. Based on NRC's previous experience preparing natural water CRM's, the water was acidified to pH 1.6 to stabilize the analytes. High purity sub-boiled distilled nitric acid prepared in-house using a Milestone DuoPur Acid Still was used to adjust the pH. No stability issues are expected with these samples. Several 250 ml aliquots were removed for baseline analysis of the sample prior to addition of the analyte spikes. Table 3 summarizes the sources and purity of the spikes added to the sample. High purity Cd and Pb metal are NRC primary standards of established purity and provide traceability to the SI through a comprehensive analysis at NRC using Glow-Discharge Mass Spectrometry (GD-MS). This technique enables the detection of impurities from almost all elemental constituents at the ng/g mass fraction. Calibration of the GD-MS is achieved against international CRMs. For Ni, a sample distributed by BAM for CCQM P62 was used for spiking; the purity reported in Table 3 was determined by NRC GD-MS. NIST SRM 3109a (Lot 050825) was used as the spiking solution for Ca. w is the mass fraction of the analyte in solution p is the purity of the metal m 1 is the mass of the weighing boat m 2 is the mass of the weighing boat + metal m 3 is the mass of the empty bottle m 4 is the mass of the empty bottle + solution Bu (A) -is the buoyancy correction factor for the mass of metal Bu(S) -is the buoyancy correction factor for the mass of solution Weighed aliquots of the individual primary standard solutions were added to the carboy to achieve concentrations within the proposed target levels listed in Table 4 . A Mettler Toledo AG245 analytical balance was used to weigh the stock solutions. A Sartorious Signum 2 balance (capacity 65 kg) was used to weigh the carboy. The balances were calibrated through weights calibrated by the NRC INMS Mass Standards Group.
The associated uncertainty accounts for purity of the spikes, uncertainty in weighing (repeatability, linearity) and buoyancy corrections including air density estimations. The contents of the carboy were well mixed and 130 precleaned 125 ml polyethylene bottles were filled. The sequence of bottle filling was recorded.
Homogeneity study
The between bottle homogeneity was evaluated according to the recommendation of ISO Guide 35. 2 The prepared sample was tested for homogeneity at NRCC using ID-ICP-MS for Cd, Pb and Ni, and ICPAES for Ca. Results from ten bottles were evaluated using ANOVA.
No between bottle differences were detected for any of the analytes. Equation 2 can be used as the best estimate of maximum between bottle variability (u bb ) when the repeatability standard deviation does not indicate potential between unit variations. The values of u bb using equation 2 were <0.35% RSD for all measurands. NRC has many years of experience preparing natural water CRMs with analyte concentrations several orders of magnitude lower than the target concentrations of this SIM study.
Based on this experience and the above results, a contribution to the uncertainty budget due to homogeneity can reasonably be assumed to be insignificant compared to the final uncertainty and was not considered further.
Reference Value
The reference value for this study was equated to the gravimetric amount content and calculated from the gravimetric spike addition to the acidified water. Equation 1 was used for this calculation, again taking into account buoyancy correction factors. The results from the gravimetric calculations are summarized in Table 6 . The associated uncertainty (u spike ) accounts for purity of the spikes, uncertainty in weighing (repeatability, linearity) and buoyancy corrections, including air density estimations.
In addition to the added spike, the "blank" contribution from the unspiked matrix was also included in the final reference value, i.e., ) 3 ( x x x 0 spike R
+ =
Where: x R -is the reference value x spike -is the mass fraction due to the gravimetric spike x 0 -is the endogenous mass fraction due to the unspiked matrix (carboy blank)
In order to determine x 0 several samples of acidified water were removed from the carboy prior to spiking for determination of Cd, Pb and Ni by ICP-MS and Ca by ICPAES. The carboy blank for Ca was found to be 0.0010 ± 0.0002 ug/g and considered negligible for this study. For Ni, Cd and Pb, the signal intensities from the x 0 sample were similar to background levels. Repeat measurements of the x 0 sample were compared to a freshly prepared pH 1.6 blank; no significant difference was found based on a t-test. The concentration of Ni, Cd and Pb in the unspiked solution was assigned as equal the LOD, based on 3 times the SD of repeat measurements of x 0 . No contribution to the gravimetric mean value was considered necessary. However, an uncertainty associated with the LOD (u o ) was included in the calculation of the reference value. A rectangular distribution of half the calculated LOD was used as an estimate for u o .
Thus for Ni, Cd and Pb, the combined uncertainty of the reference value (U RV ) incorporates both the uncertainty from the gravimetric addition of the spike and the uncertainty in the determination of the carboy blank. Results are presented in Table 5 . 
Participants and Sample Distribution
Two samples were shipped to participants listed in Table 6 on July 29 and 30, 2010. An email notification stating the courier waybill number was sent to the laboratory contact. In a few cases, the samples were delayed in customs, but generally delivery was made within a few days. The protocol distributed with the samples is presented in Appendix 1. All SIM.QM.S2 participants were also requested to complete a core capabilities matrix. Appendix 2 contains this data. 
Methods
Results from eleven laboratories were received for SIM.QM.S2 prior to the deadline of January 7, 2010. The methods used by the participants are listed in Table 7 . INMETRO submitted Ca results from pooled data from different instrumental methods and was given the opportunity to identify one set for inclusion in the SIM.QM.S2 exercise with the other results included into the pilot P22 exercise. 
Results
The following summarizes data submitted by laboratories for the SIM.QM S2 intercomparison. Triplicate results are listed along with the mean and reported standard uncertainty. Only the mean and associated uncertainty is listed for those laboratories that did not report individual replicates or reported more than three replicates.
The reference value is shown by the dotted line on the graphs and the standard uncertainty of this value indicated by the solid lines. Since the range of the reference value is small the delineation of the graphs is not always sufficient to properly distinguish these lines.
A summary of basic statistics from the submitted data are listed in Table 8 . The results from this report were discussed at the April 2011 meeting of the CCQM IAWG in Paris and the SIM CMWG meeting in San Jose Costa Rica in May 2011. Replicates, ug/g 8.00
8 x R = 68.61 ng/g U R (k=2) = 0.25 ng/g 
SIM-QM-S2 Supplemental and SIM-QM-P22 Pilot Comparison
Trace Elements in Drinking Water -Protocol
Background
The determination of trace metals in drinking water is an important and commonly performed measurement responsibility. There is no single approach that is universally applicable, as the nature and regulations for drinking water standards may vary among countries and regions.
The World Health Organization's Guidelines for Drinking-water Quality 1 were used to determine the target values for this study. Target concentrations were chosen to approach the maximum acceptable WHO limits. The relatively high mass fraction of calcium simulates the matrix of a natural fresh water.
An earlier Key Comparison in this area was conducted under the auspices of the CIPM as CCQM-K2, but this is now more than 10 years old with the result that it will come into question when used in support of CMC claims if other more recent equivalent comparisons are available. SIM-QM-S2 will provide NMIs and DIs with the needed evidence for CMC claims for trace elements in fresh waters or calibration standards and is being operated as a Supplemental because there will be no link to the earlier CCQM-K2. Note that those laboratories wishing to utilize this exercise for support of CMC claims must register for the Supplemental and not the Pilot Comparison. Although this is organized as a SIM regional comparison, it is open to other participants of the MRA throughout all RMOs. Results for the Supplemental will be registered on the BIPM Key and Supplemental database, the KCDB.
The same sample will be used for both the Supplemental and Pilot comparisons.
Material
Laboratory grade pure water (ASTM Type 1) was acidified with high-purity nitric acid for preservation of gravimetrically spiked measurands. A relatively high amount content of Ca is intended to simulate a natural water matrix. Reference values were determined gravimetrically and supported with primary measurement methods (ID-MS) from the coordinating laboratory. Bottle-to-bottle homogeneity was evaluated and determined to be fit for purpose. Samples will be made available in pre-cleaned polyethylene bottles (100 mL).
Measurands

Element
Target Concentration 
Choice of Method / Procedure
Participants may use any method of their choice.
Test Sample Receipt / Handling
Samples will be distributed by courier to the participants. Each laboratory will receive two bottles of the sample.
• Please inform the coordinator immediately if the test sample has been compromised in any way and arrives in questionable condition.
• Results for each measurand should be reported in triplicate as the element content mass fraction (mass/mass) on test aliquots drawn from either of the two bottles.
• Each laboratory shall provide a complete description of the method(s) used, including calibration technique(s) along with their metrological traceability and a GUM compliant uncertainty assessment.
• The three major sources of uncertainty should be identified.
Time Schedule
Registration deadline:- 
NA Spike equilibration with sample
The mixing and equilibration of the enriched isotopic spike with the sample. 
All
Capabilities/Challenges
ID-ICP-MS
Degree of Difficulty Explanation
